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INTRODUCTION
A  well-developed  smooth  reticulum  in  complex
association  with  other  intracellular  membranes
has  been  found  in  a  flagellate,  Tritrichomonas
augusta (Alexeieff,  1911),  an  intestinal  parasite  of
amphibians  and  reptiles.  Previous  fine  structural
studies  on  trichomonads  (see  reference  11)  have
not  reported  this  organelle,  perhaps  because  of
the  recognized  difficulty  of  preserving  smooth
membranes  (3).
MATERIALS  AND  METHODS
Cultures  of  Tritrichomonas  augusta,  generously  pro-
vided  by  Professor  William  Balamuth,  were  grown
in  Diamond's  medium  (6)  modified  by omission  of
agar.  Because  the  organisms  are  anaerobic,  the  cul-
ture tubes were sealed with a mixture of vaseline  and
paraffin  to exclude  oxygen.  4-day cultures were  fixed
for  2  hr at  4°C  in 5%  glutaraldehyde-2%  acrolein
in  0.1  M cacodylate  buffer  with  a  final  pH of  7.3.
The  organisms  were  then  washed  for  2  hr  in  cold
0.2  M sucrose-0.1  M cacodylate  buffer  and  postfixed
for  2 hr in 2%o  osmium tetroxide  in 0.1  M cacodylate
buffer  at  4°C.  They  were  dehydrated  in  ethanol
followed  by  two  changes  of  propylene  oxide,  em-
bedded in Epon, sectioned with a diamond knife on a
Porter-Blum  MT  1  ultramicrotome,  stained  with
aqueous  uranyl  acetate  and  Reynolds's  lead  citrate,
and  examined in  an RCA  EMU 3F  electron  micro-
scope.
B  R  I  E  F  N  0  T  E  S  559FIGURE  1  An aggregation  of  branched  and  anastomosed  smooth  tubules  (sr) is found adjacent  to the
axostyle  (ax). The  tubules  are  of  variable  size  and shape and  sometimes  fuse  to  form irregular  expan-
sions (ex).  A cross-section of a tubule shows no discernible content  (arrow). The SR is enclosed by cisternae
of  rough endoplasmic  reticulum  (rer). In addition, there  are  larger  channels  (ch) with  one  smooth  sur-
face and the other surface  covered with ribosomes  (r). Some of the 250-A microtubules  (mt) of the axostyle
wall are cut in cross-section at top center.  gl, glycogen.  X  42,000.
OBSERVATIONS  region  of  Tritrichomonas augusta  adjacent  to  the
microtubular wall of the axostyle  (ax). The tubules
A  mass  of  anastomosed  and  branched  smooth  of  the  smooth  reticulum  (sr)  range  in  diameter
tubules  (sr, Figs.  1 and  2)  is found  in the posterior  from  100 to  400 A,  but fused  tubules form irregu-
560  B  R  I  E  F  N  0  T  E  Slarly  shaped  expansions  (ex,  Fig.  1)  as  wide  as
0.1  . The  region of the  SR, which  may reach a
diameter of  3 A, is  separated  from  the remainder
of the cell  by several  layers of rough endoplasmic
reticulum  (rer) which  have occasional  dilatations.
Surface  views  of  the  RER  membranes  show  a
variation in the length and  configuration  of poly-
somes: spiral, circular, and linear arrays (p, Fig. 2).
Within or closely  associated with the rough  mem-
branes  are large channels  (ch, Figs.  1-4) which are
distinctive  because  of their nearly constant width
of 0.1  u. They are  also unusual  in that they  have
one  smooth  surface  and one  surface  covered  with
ribosomes  (r). The channels  usually appear curved
with  the  smooth  surface  inside,  but  occasionally
they  assume  the  circular  configuration  seen  in
Fig.  3.  Often,  vesicles  (c,  Figs.  2  and  4)  are  asso-
ciated  with  the  smooth  surface,  but  as yet  none
has  been  observed  in  continuity  with  the  mem-
brane  of the  channels.  These  varied  components
form a composite structure which has two separate
areas  of  granular  membranes,  the  RER  proper
and  the  outer  surface  of the  channels,  and  two
regions  of  smooth  membranes,  the  SR  and  the
inner surface  of the channels.  The entire organelle
will  hereafter  be  called  a membranous  apparatus
(MeA).
The  continuity  of  the  RER  with  the  smooth
tubules  (arrows,  Fig.  4)  and  with  the  channels
(arrows,  Fig.  2)  indicates  that this well-integrated
system has a single lumen. There is a homogeneous,
finely granular  material  within the RER  and  the
channels  (Figs.  1-4).  The  vesicles  contain  a sub-
stance  which  is  similar  in appearance  to  that  of
the  adjacent  channels,  but  less  uniformly  dis-
tributed  (Fig.  2).  The  content  of  the  smooth
tubules  is  more  difficult  to  evaluate,  since  the
thickness  of a  section  contains  an  entire  tubule.
Those  tubules  cut in cross-section,  however,  show
no discernible  content  (arrow, Fig.  I).
Abundant glycogen  in the form of beta granules
and  alpha  rosettes  (gl, Figs.  1-4)  is  seen  around
the  MeA  and  throughout  the  remainder  of the
organism.  Within  the  area  of SR  are  a  few  iso-
lated  particles similar morphologically  to glycogen
and  ribosomes.  These  particles  sometimes  appear
to be inside  the  smooth  tubules,  but in other  in-
stances  they  lie  over  membranes.  Some  of  the
granules  may  be  ribosomes  cut  from  overlying
RER  (see  Fig.  2).
DISCUSSION
The function  of the MeA  in  Tritrichomonas augusta
is not known.  Some speculations regarding  its role,
however,  can  be  made from its morphology.  It is
known  that RER  functions  in  protein  synthesis.
Many  investigators  (9,  12)  interpret  a  variation
in  polysome  size  as  reflecting  differences  in  the
lengths  of messenger  RNA uniting the ribosomes.
Although  unequivocal  evidence  cannot  be
obtained  from  sections of MeA,  the various  sizes
and  configurations  of  polysomes  seen  in  surface
views  of the RER cisternae  suggest that a number
of proteins  are produced  on  the RER  of this  or-
ganelle.
The close  association  of RER  and SR observed
here  in the presence  of glycogen is  similar to that
seen  in liver  cells.  The  smooth membranes  of the
latter have  large  irregular  concavities  containing
clusters  of glycogen  (7).  In  T. augusta, on the other
hand,  single  particles  lie over  or  possibly  within
the  smooth tubules,  but whether the granules  are
glycogen  cannot  be  determined  morphologically.
In any  case,  a role  of the SR  in glycogen  metab-
olism of liver cells has not yet been established  (7).
In spite  of these  uncertainties, the  possibility that
the  MeA  of  trichomonads  is  functioning  in
glycogen  metabolism cannot be  excluded.
Mammalian  steroid-producing  cells  have tubu-
lar SR, interconnected  with RER (1,  3, 4) forming
complexes  of  membranes  resembling  those  of
Tritrichomjnas. From a review of both morpholog-
ical and biochemical papers on mammalian steroid
producing  cells,  Christensen  (3)  postulated  that
the quantity of SR is directly  proportional  to  the
amount  of  cholesterol  synthesized  as  a  steroid
precursor.  The  involvement  of  the extensive  SR
of liver cells in cholesterol synthesis has been firmly
established  (2).  Although it  has  a well-developed
SR,  T.  augusta cannot  synthesize  cholesterol,  a
nutritional  requirement  for  trichomonads  (10).
Nevertheless,  certain  species  possess  enzymes  for
steroid conversion  (14).  It  may  also be noted  that
some  animal  flagellates  synthesize  sterols  other
than  cholesterol,  such as ergosterol  (15).
The channels of the  MeA  are unusual  because
of their differing  surfaces.  The  constant width  of
the  channels  suggests  that a  certain  distance  be-
tween  the two sides may  be required  for different
but  related  functions.  Cisternae  which  also  have
one  smooth  and  one  rough  face  have  been
described  in  cells  of Brunner's  glands  of the  duo-
denum  of  the mouse  (8).  In these  cells,  product-
BR  I  E  F  N  O  T  ES  561FIGURE  2  Continuity  between  channels  (ch)  and  RER  is  seen  at  arrows.  At  right,  surface  views  of
RER membranes  reveal a variety  of polysome configurations  (p).  Vesicles  (v)  are adjacent to the smooth
surface  of  the channels.  Glycogen  (gl)  is scattered throughout  the cytoplasm  including the lumen  of the
axostyle  (azx).  sr, smooth  tubules; rer, rough endoplasmic reticulum.  X 32,000.
FIGURE  3  The  channels  (ch)  occasionally  assume  a circular  configuration.  Note their  nearly  constant
diameter  of 0.  I.  The  outer  surface  is  covered  with  ribosomes  whereas  the inner surface  is  smooth.  X
32,000.
FIGURE  4  Continuity between rough  and smooth membranes  is shown at arrows.  X 42,000.
562  B  RIE  F  N  O  T  E  Sfilled vesicles  are  budded from the smooth surface
of the cisternae.  In  T.  augusta, a few  vesicles  are
found  adjacent  to  the  channels  of the MeA,  but
none  has yet been  observed  originating  from  the
smooth membrane.
The composite  nature  of the organelle  indicates
that it may have  a complex  product. The separa-
tion of the two areas of rough-surfaced  membranes,
RER and channels,  suggests that the protein prod-
ucts  may  have  different  fates.  Similarly,  the
smooth membranes of the tubules may be set apart
from  the  smooth  membranes  of the  channels  be-
cause  they  have  different  functions.  Yet  the con-
tinuity of the diverse  elements  indicates  that they
are interdependent.  Christensen  (3)  suggested that
the association of RER and SR in guinea pig inter-
stitial  cells might  serve  to  bind  protein  to  steroid
and thus increase  steroid  solubility  and  facilitate
its  transport  through  the  cell.  Other  work  has
shown  that  linkage  to  protein  protects  steroid
from  catabolism  (13).  On  the  other  hand,  later
studies  by  Dallner  et  al.  (5)  on  developing  rat
liver  cells  provide  evidence  that  newly  formed
smooth  membranes  are  proliferated  from  pre-
existing rough membranes; this indicates that such
an  association  may  be  required  for  smooth  mem-
brane  biogenesis.
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